Abstract. In this paper, a three-axis ultrasonic anemometer is presented which uses six ultrasonic transducers to obtain the wind speed, wind direction, etc. Every two transducers are used as transmitter and receiver of a short sequence of pulses. The time of flight is taken by the ultrasonic sound to travel from the transmitter to the receiver. This can be used to determine the three dimensional vector components of wind-u, v and w. From these components, the resultant wind speed and direction can be obtained. The developed anemometer is intended to be used in the environment monitor demand of tethered aerostat and airship. Also it can support autonomous navigation for a scale model sailboat.
Introduction
Wind is one of the most important factors when we try to control airship or tethered aerostat. Modern airships employ advanced technologies such as composite materials, computerized numerical finite element structural analysis, computer-aided design, modern electronic systems, fly-by-light controls, and the latest theories in aerodynamics, as well as stability and control.
A distinguishing feature of airships is their reliance on a light gas for lift. It is necessary, therefore, that all those involved with airships have a good understanding of the basic principles of aerostatics, especially wind [1] .
There are many kinds of anemometers for measuring wind speed. Mechanical anemometers like vane anemometer and cup anemometers are widely used in many fields, but these anemometers had too many drawbacks [2] . Due to their inertia, this type of anemometers is not very sensitive to sudden variations in wind speed, such as short wind gusts [3] . When a highly accurate measurement is needed, ultrasonic signals is a better choice. Three axis anemometers measure three dimensional wind component, its direction and the turbulence profile [4] . Mechanical anemometers' transducers may freeze during winters and cause large errors because of mechanical wear with time going by. Ultrasonic devices are more reliable due to the absence of moving parts, so is the ultrasonic signal. The main advantages of ultrasonic anemometers are that they have no moving parts and are very sensitive to small variations in wind speed. Although, these anemometers have the disadvantage of being very expensive, in most cases [5] .
The brief of the paper is as follows: Section 2 describes the reason that choose WindMaster and some basic measurement knowledge. Section 3 presents data acquisition and processing. Section 4 shows how to configure WindMaster. Finally, conclusion follows in Section 5.
Selection of Wind Speed Sensor under Harsh Conditions

Selection of Wind Speed Sensor
Sometimes it is necessary to control the machine's operation or warn something in advance with the data of wind speed and direction. In order to accurately test wind speed without delay, the detection system must ensure high-precision detection of data at all times. For this reason, we pick the three-axis ultrasonic anemometer, WindMaster, which can ensure enough accuracy and have a wide enough wind speed test range. The 3D wind test can ensure have a lower enough errors.
WindMaster can measure atmospheric temperature, humidity, atmospheric pressure and so on. Ultrasonic wave propagates at different speeds in the downwind and the upwind, so anemometer measures wind speed and direction by this. There are three pairs of transducers lying in the upper and lower. What's more, these three pairs of transducers are orthogonal. With these three factors, Vector composition method can calculate three-dimensional wind speed.
Specification
The WindMaster, constructed in aluminum and carbon fiber, can perform measurements in wind speeds up to 45 m/s. Options include up to four analogue input and four analogue output. WindMaster requires a DC supply of between 9-30 V DC. Typical current drain 55mA @ 12v dc (excluding analogue outputs).
(1) Outputs 
Principle of Operation
The WindMaster measures the times taken for an ultrasonic pulse of sound to travel from an upper transducer to the opposite lower transducer, and compares it with the time for a pulse to travel from lower to upper transducer. As Figure 1 shows, the air velocity along the axis between each pair of transducers can then be calculated from the time of flight on each axis. And L is Distance between transducer faces, C is Speed of sound, V is velocity of gas flow, and T 1 and T 2 are transit time of ultrasound.
Also, from this, sonic temperature T SI can be derived from the formula T SI = C 1 2 / 403. This formula does not account for the effect of Humidity.
Coordinate System
WindMaster provides several coordinate systems, such as Polar coordinates and cylindrical coordinate system.The software WIND gives the way to configure these modes. Now, we introduce a coordinate system that is most used.
Cylindrical coordinate system are as figure 2 shows. +U is defined as towards the direction in line with the north spar as indicated in the diagram. +V is defined as towards the direction of 90°anti-clockwise from N/ the Rederence spar. +W is defined as vertically up the mounting shaft. 
Data Acquisition and Processing
Data Acquisition
Data acquisition is an important link of wind speed measurement which relates to plenty of functions, such as the control strategy of the control system, ultrasonic sensor transceiver speed and frequency, the build of network acquisition, the upper computer display and calculation and so on.
The whole frame of the system is shown in figure 3 . The upper computer can display the parameters measured by the anemometer and adjust the working mode. The construction of wireless network ensures that the wind speed in complex environment can be transferred to work office in any minutes. The control system integrated by GILL company includes arithmetic units, clock, etc. Three pairs of ultrasonic sensors measure the wind speed by orthogonal method and interact with the control system. Table 1 shows the firing sequence of the transducers, and L>U indicates lower to upper transducer firing, U>L indicates upper to lower transducer firing. 
Measurement Sequence
Message formats
There are eight modes for users to choose when needs to display on the computer, we can classify these eight modes by ASCII or Binary,UVW or Polar,Continuous or Polled. Now we introduce the default format. The specific information format is as follows: In which, <STX>means start of String character and <ETX> is end of string character (ASCII value 3) <ID> is the Anemometer Identification; DDD is Direction in degrees; MMM.MM is Wind Magnitude, ±WWW.WW means W axis velocity, U is the Units including M(m/s), N(knots), P(mph) and K(kph). ±CCC.CC is speed of dound in 0.01ms -1 units ±TTT.TT is sonic temperature in Degrees C SS is status data (Codes 00 to 0B) CC is checksum of all Characters between <STX> and <ETX> (HEX byte)
Wireless Network
ZigBee is the global wireless language connecting dramatically different devices to work together and enhance everyday life. The ZigBee Alliance promotes world-wide adoption of ZigBee as the leading wirelessly networked, sensing and control standard for use in energy, home, commercial and industrial areas. ZigBee uses free frequency bands of 2.4 GHz and 900 MHz, and its transmiss-ion rate is 20kbps and 250kbps. There are many kinds of chip that can realize convertion between Zigbee and RS232. Using TI's CC2630 chip as the control chip, we can design a serial-to-zigbee module.
CC2630 is a dual ARM core-32 bit CPU chip, Cortex-M3 is responsible for the processing of ZigBee protocol, and Cortex-M0 is responsible for wireless communication processing [6] .The data received from ZigBee wireless, through the serial port sent to the network part, and network part sent it to the target IP and port.
If the distance between WindMaster and upper computer is longer than zigbee's range, it's better to use several zigbee modules to set up a net or use another wireless modules
Configuring
Gill has provided users several software to configure the WindMaster, such as WIND and WindView. Assuming the WindMaster has been correctly connected to the PC and a Power Supply, open WIND, then it will display continuous wind information in measurement mode. The default setting is Polar with the unit of measure m/s.
To change the WindMaster configuration, choose Wizard in the tool bar, typical screens are shown in figure 4 . It is able to adjust all the setting as required taking into account the options selected at time of order. WindView is a software that shows all data and results, as figure 5 shows. Q means this WindMaster address. It provides a plat that can show more than one device's data at the same time. 
Summary
In the experiment, we successfully build a three-dimensional wind speed measurement system with wireless network, ultrasonic sensors, upper computer, etc. In this paper, aiming at the engineering requirements of the airship on the atmospheric environment, a convenient and reliable wind speed and direction measurement method is proposed. We provide a design idea for the airship and other occasion which requires strict requirements on performance or measurement parameters.
